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ABSTRACT
This study assesses the technical efficiency level of rice farmers in Zamfara state using the Data envelopment analysis approach. A Yamane formula was used to determine the sample size and a simple random selection of 134 rice farmers were selected for the study. Primary data used were collected with the use of a structured questionnaire from the selected rice farmers. The result of the technical efficiency showed that the rice farmers have efficiency mean score of 73% and the mean input slack of land, labour, seeds, and fertilizer usage are 0.071, 0.408, 1.767 and 21.205 respectively. Implying that inputs could be decreased by those units and still produce the same level of output. The study concluded that the rice farmers are quite efficient in input usage. It was recommended that additional unit of land can be used to address the underutilization of the fertilizer usage. 
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INTRODUCTION 

Technical efficiency (TE) analysis is a major field in empirical economics with wide application in other fields of study. In developing nations like Nigeria, measuring the agricultural production's efficiency is a crucial problem (Jatto et al., 2012). Policymakers frequently find value in a measure of a producer's performance, and the idea of efficiency offers a theoretical foundation for this kind of evaluation (Russel and Young, 1983). The primary obstacle facing Nigeria's contemporary agriculture is raising food production levels and efficiency to accommodate the country's fast-growing population. The ability of a farm to generate the greatest amount of output from a given set of inputs is referred to as technical efficiency. Farrell (1957) originated the contemporary theory of efficiency by stating that a farm's efficiency is comprised of both technical and allocative efficiencies: an estimate of economic efficiency is produced by combining the two parts. 

The main rice exporters to Thailand, India, and Nigeria reported exporting a pitiful 426 metric tonnes of rice as of July 2018, a far cry from the almost 400,000 metric tonnes of rice that were previously imported into the country. (Omoare and Oyediran, 2020). The recent announcement on border closure by the Federal Government is the reason for this little decrease in rice imports. Because of the nation's comparative advantage in rice production, rice importation is viewed as a waste of foreign cash prior to the closure of land borders (Oyediran, 2016).

Among the major issues facing Nigeria's rice farmers are changes in government regulations brought on by a broader economic downturn and the country's porous borders. Following the Nigerian government's land border restriction, rice producers have received the necessary assistance to raise their output and lower the sharp rise in rice prices in the nation. According to reports, rice production increased by an average of 300,000 tonnes during the 1990s and over 4 million tonnes in 2019 (Omoare and Oyediran, 2020), but it is still not producing enough rice at the moment.

About 3.7 million hectares, or 10.6% of the 35 million hectares under cultivation in Nigeria, are used for rice production. Rain-fed rice is produced on 77% of the 70 million hectares of arable land; 47% of this land is used for farming, while 30% is upland (Cadoni and Angelucci, 2013). Conversely, over the past ten years, the average annual growth rate in rice consumption has been 10.3% (Maji et al., 2015). It is anticipated to rise even more as a result of urbanization and population growth (Roy-Macauley, 2019). Nigeria presently produces roughly 8 million tonnes annually, but with the right farming practices, the country can produce 14 million tonnes annually, according to Aminu Goronyo, the national president of the Rice Farmers Association of Nigeria (RIFAN) in 2019.

Research has shown that Nigerian rice farmers are efficient. Studies like Onyenweaku and Ohajianya (2005), Ogundele and Okoruwa (2006), Tijani (2006), Ndubueze-Ogaraku and Ogbonna (2016), and Ebido et al. (2020) have all used the stochastic production frontier approach to assess the technical efficiency, but this study uses the data envelopment approach over the stochastic production frontier because of the slacks it provides on the variables.

Although recent reports from the Guardian Nigeria newspaper 2022 suggested that Nigeria had surpassed Egypt in rice output, the truth is that supply has not kept up with demand, and ongoing property and life threats in Zamfara state exacerbate the issue of food insecurity. The government and farmers have taken steps to remedy the situation, although they are mostly focused on increasing production at the expense of the enterprise's productivity in order to reimburse the impacted farmers.

Determining technical efficiency could close this gap by assisting rice farmers in raising productivity without expanding their resource base. This study is to investigate the technical efficiency of rice producers in Zamfara state within this context. The government policy makers and rice producers alike, as well as non-governmental organizations, development agencies, and numerous other related parties striving to enhance rice production and the agricultural industry overall, will find value in the study's findings.

METHODOLOGY
Study Area

The study was carried out in Zamfara State, Northwestern Nigeria populated with the Hausa, Fulani, Yoruba, and Igbo peoples. With an area of 38,418 square kilometers, it is bordered in the North by Niger Republic, to the South by Kaduna State. In the east it is bordered by Katsina State and to the West by Sokoto and Niger States. It has a population of 5,833,494 according to the 2022 estimated census and contains 14 local government areas. 
Most of the people of Zamfara State are into agricultural activities, thus the slogan “Farming is our pride”. Major crops grown here include rice, cotton, sorghum, maize, millets, sesame, soybeans, wheat, groundnut, and onions. From the list of 607 rice farmers that farm within the metropolis of the Zamfara state capital Gusau, 201 farmers returned their farm yield estimate, and a Yamane formula was used to determine the sample size and a simple random selection was used to select 134 rice farmers for this study as follows.
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Primary data were used for the study, and a questionnaire was used to obtain information on variables such as farm size (land/Ha), labour, seeds (kg), fertilizer used (kg), amount of chemicals (liters), yield (Kg).
Data envelopment analysis is a nonparametric method of measuring efficiency of decision-making unit. Farrell (1957) formulated a linear programming model to measure technical efficiency of a firm with reference to benchmark technology characterized by constant returns to scale. This efficiency measures corresponds to the coefficient of resource utilization defined by Debreu (1951). Charnes et al. (1978) introduced the method of data envelopment analysis (DEA) to address the problem of efficiency measurement for decision making units (DMU) with multiple inputs and multiple outputs in the absence of market prices. They coined the phrase decision making units to include non-market agencies like schools, hospitals, and courts, which produces identifiable and measurable input but lack market price of output and inputs. 
This approach is based work of Farrell (1957) and Fare (1994) has since been improved upon and extended by Battese (1992) and Coelli (1996). Charnes et al. (1978) developed the fractional linear programming method of DEA. For this study output-oriented DEA as designed by Coelli (1996) will be used to determine how much input mix the farmers would have to change to achieve the output level that coincides with the best practice frontier. Technical efficiency will be measured as follows: 
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α, β are variables to be estimated and xij and yij respectively are the quantities of the ith input and rth output of the jth farm. As the ratio is maximized it would be constrained to be no greater than one. Thus, if TE equals one, then it is perfectly efficient.
Output= Yield (kg)
Inputs = Farm size (Ha), Labour (numbers hired), Seeds (Kg), Fertilizer (kg), Chemicals (liters)

RESULTS AND DISCUSSION
The distribution of technical efficiency score among the rice farmers is presented in Table 1 below. The Table 1 showed that 60.45% of the rice farmers are operating within the efficiency score of ≤0.6, 5.977% are within the efficiency score of 0.61-7.0, 1.49% within the efficiency score of 0.71-8.0 and 0.75% are within the efficiency score of 0.81-9.0 and 31.34% are within the efficiency 0f 0.9-1.0. The mean efficiency score is 0.73. The maximum and mode of the technical efficiency is 1 while the minimum technical efficiency score is 0.6.
Table 1: Distribution of the Respondents based on Technical Efficiency

	Efficiency Interval
	Frequency
	Percentage

	≤0.60
	81
	60.45

	0.61-0.7
	8
	5.97

	0.71-8.0
	2
	1.49

	0.81-0.9
	1
	0.75

	0.91-1.0
	42
	31.34  

	Total
	134
	

	Mean
	0.73
	

	Mini
	0.6
	

	Max
	1.0
	


Source: Field Result 2022 

The findings indicate that rice producers' average technical efficiency is 73%. This level of technical efficiency implies that relatively little marketable production is lost to resource waste. This suggests that the farmers are making effective use of their resources. The average observed output of rice farmers is 0.27 less than the maximum output that can be achieved from the current level of inputs, according to the overall mean technical efficiency of 0.73. Additionally, given current technology and operating at the frontier, it indicates a chance for efficiency improvements that might either raise output or lower production costs.

The observed efficiency (0.73) might also be ascribed to a number of other factors, such as socioeconomic, environmental, and technical production restrictions. Additionally, Yusuf and Malomo (2007) and Tadesse et al., (2017) argued that nonphysical inputs like experience, information asymmetry, and other socioeconomic factors might influence a farmer's ability to use the available technology efficiently but not achieving 100%, and this agrees with Jatto et al., (2012) as well. The study's mean technical efficiency (0.73) compares favorably with Ebido et al., (2020), Tadesse et al., (2017), Anang (2022) and Tijani (2006).

Table 2: Distribution Based on Efficiency Slack

	Variables
	Frequency

	Land size (Ha)
	0.071

	Labour (man-days)
	0.408

	Seeds (Kg)
	1.767

	Fertilizer (kg)
	21.205

	Chemicals (liters)
	0.0


Source: Field Result 2022
Output slacks: The value for output slack is all zeros revealing that there is no slack in the output meaning they are optimized. 

Input slacks: This problem arises when it is questionable as to whether a farmer is on efficiency point on the frontier. If one could reduce the amount of any of the input used and still produce the same output, it is known as input slack which is also referred to as input excess. The input slacks provide an accurate indication of technical efficiency of a farm by Farrell in Data Envelopment Analysis. On the average, Land size, labour, seeds, fertilizer have slacks of 0.071 Ha, 0.408 man-days, 1.767kg and 21.205kg respectively. These imply that inputs could be decreased by those unit and still produce the same level of output. Thus, the rice farmers are said to be inefficient in input usage by the said values. From the result above, fertilizer is underutilized. 
CONCLUSION AND RECOMMENDATIONS
Despite complains of insecurity by the rice farmers, the study concluded that the rice farmers are relatively (73%) technically efficient. The study, therefore, recommends that reducing excess amount of inputs on one hand and raising output on the other hand, efficiency level can be improved which can make the rice farmers benefit economically and could contribute to compensating the cost of production. The input slack which showed that fertilizers are underutilized as among the input used, additional units of land could be introduced to address the problem of underutilization of fertilizer to improved efficiency level of the farmers.
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